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INFORMATION-RECORDING APPARATUS,
INFORMATION-RECORDING METHOD,
PROGRAM STORAGE MEDIUM AND
PROGRAM

CROSS REFERENCES TO RELATED
APPLICATIONS

The present mvention contains subject matter related to
Japanese Patent Application JP 2004-317847 filed 1n the
Japanese Patent Office on Nov. 1, 2004, the entire contents of
which being incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to information-recording
apparatus, an information-recording method adopted in the
apparatus, a program implementing the method and a pro-
gram storage medium used for storing the program. More
particularly, the present invention relates to information-re-
cording apparatus, in which an area for recording an FS (File
System) can be allocated 1n a recording medium if necessary
as a portion of an area used for recording files even when the
FS1s updated frequently and/or information is added to the FS
frequently, 11 the FS 1s stored 1n scattered areas, pieces of
information stored 1n the scattered areas can be collected into
a single area by carrying out an optimization process so that
information can be read out and written from and into the
recording medium at a high speed, the amount of consump-
tion of a TDMA (Temporary Defect Management Area) can
be reduced and, if 1t 1s known from the beginning that logical
write operations are to be carried out frequently, the recording
medium 1s formatted to set the TDMA at a sutlficiently large
s1ze so that the TDMA can be updated frequently, as well as
relates to an information-recording method adopted in the
apparatus, a program implementing the method and a pro-
gram storage medium used for storing the program.

A technology for recording files 1nto a recording medium
with a large storage capacity has been becoming popular.

In addition, a variety of formats of recording files 1nto such
a recording medium with a large storage capacity has also
been proposed.

A typical one of the formats 1s a UDF (Universal Disc
Format) used 1in a DVD (Dagital Versatile Disc). For more
information, refer to documents such as Non-patent Docu-
ment 1: Unmiversal Disk Format Specification Revision 2.50
Apr. 30, 2003 Optical Storage Technology Association.

By the way, 1n UDF specifications of Ver. 2.50, file-system
information 1s collected and placed 1n a single area referred to
as a metadata partition and includes an additional function
located at a logical address 1n the metadata partition.

In the case of a write-once recording medium, which 1s a
recording medium allowing data to be stored thereon only
once, 1n an operation to update a file stored thereon or the file
system recorded thereon, the updated file or the updated file
system must be recorded in a new area of the recording
medium. It 1s thus necessary to update the logical address of
the file or the file system to a new logical address correspond-
ing to the physical address of the new area.

In the case of a Blu-ray Disc conforming to the UDF
specifications of Ver. 2.50, a file and/or file-system 1nforma-
tion are recorded on the disc as shown 1n the upper diagram of
FIG. 1. In the following description, the Blu-ray Disc 1is
referred to as a BD. FI1G. 1 1s diagrams each showing a typical
recording state of the BD, which serves as a write-once
recording medium. In the following description, the BD serv-
ing as a write-once recording medium 1s referred to as a BD-R
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(Blu-ray Disc-Recordable). In the figure, LSNs (Logical Sec-
tor Numbers) or logical addresses are set, starting from the
lett side of the figure. In the upper diagram of F1G. 1, LSNs of
0 to N are assigned to an area set as a volume space. An area
pointed to by the first LSN of 0 as an area marked with the
word ‘Reserved’ 1s a reserved area. Following the reserved
area, an arca marked with a character string of *VRS’ (Volume
Recognition Sequence) 1s an area used for recording infor-
mation ndicating the type of the file system. Following the
area marked with a character string of *VRS’, an area marked
with the phrase ‘Files (Stream+DB)’ 1s an area used for
recording stream data written by an application program onto
the BD 1n a recording process or stream data to be read out by
an application program from the BD in a reproduction pro-
cess and used for recording database information to be used 1n
the recording or reproduction process. Following the area
marked with the phrase ‘Files (Stream+DB)’, an area marked
with the phrase ‘Files (not under BD management)’ 1s an area
used for recording data recorded by a program other than an
application program for recording stream data onto the BD
and reading out stream data from the BD. Following the area
marked with the phrase ‘Files (not under BD management)’,
an areca marked with the phrase ‘FS (Metadata)’ 1s an area
used for recording file-system information as metadata. Fol-
lowing the area marked with the phrase ‘FS (Metadata)’, two
areas each marked with the word ‘Anchor’ are each an area
used for recording anchor immformation. Sandwiched by the
two areas each marked with the word ‘Anchor’, an area
marked with the phrase ‘Volume Str. (Volume Structure)’ 1s
an arca used for recording information on the structure of the
volume. It 1s to be noted that the area marked with the phrase
‘Files (Stream+DB)’ 1s a block B0. On the other hand, the area
marked with the phrase ‘FS (Metadata)’, the two areas each
marked with the word ‘Anchor’ and the area marked with the
phrase ‘Volume Str.” form a single block B1.

Let us assume for example that stream data 1s added to the
BD-R with a recording state shown in the upper diagram of
FIG. 1 and the database information of the stream data 1s
updated accordingly. In this case, information 1s recorded
onto the BD-R as shown 1n the lower diagram of FIG. 1.

That 1s to say, new stream data added to information
recorded 1n the block B0 and the database information used
for reproduction of the updated stream data are recorded 1n a
block B0' following the block B1. In addition, since the
updated stream data 1s recorded in the block B0', updated
file-system information, which 1s referred to hereafter as an
FS, anchor information corresponding to the FS and informa-
tion on the structure of the volume are recorded 1n a block B2.
At the same time, the FS information, the anchor information
corresponding to the FS and the information on the structure
of the volume, which exist in the block B1, are put in a state
of being unreadable.

SUMMARY OF THE INVENTION

By the way, in the case of a write-once recording medium,
which 1s a recordmg medium allowing data to be stored
thereon only once, 1n an operation to update a file stored
thereon or the file-system information (which 1s referred to as
an FS) recorded thereon, the updated file or the updated
file-system information must be recorded 1n a new area of the
recording medium as described above. It 1s thus necessary to
update the logical address of the file or the file-system infor-
mation to a new logical address corresponding to the physical
address of the new area.

In order to solve the problem of the necessity to update the
logical address of the file or the file-system information to a
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new logical address corresponding to the physical address of
the new area, there has been proposed a technique to update
file-system information (FS) without the need to update the
logical address. In accordance with this proposed technique,
the updated file-system 1nformation 1s recorded as a replace-
ment of the pre-updating file-system imnformation into either
of an alternate area and a user area, which are allocated in
conformity with file format specifications such as the UDF
specifications.

If the process to add or update a file 1s carried out repeat-
edly, however, the logical operation carried out on the FS
must also be repeated as well. In this case, the amount of
management information used for managing alternate areas
used for recording replacements of pre-updating file-system
information 1nevitably increases. Thus, when the process to
add or update a file 1s carried out repeatedly, as a result, it 1s
feared that the area allocated as the alternate area 1s much
consumed. In particular, a TDMA (Temporary Defect Man-
agement Area) 1s much used for storing management infor-
mation.

In addition, 11 the FS 1s updated repeatedly, a track allo-
cated as an area used for recording FSes can no longer be used
for recording an FS. In this case, 1t 1s necessary to record the
FS 1n another new area. Since a command for allocating
existing tracks 1s not available, however, 1t 1s impossible to set
an unused area among areas used for recording files as an area
to be used for recording a new FS. As a result, there 1s raised
a problem that a new file cannot be recorded or an already
existing file cannot be updated.

Ontop of that, evenif an area to be used for recording a new
FS canbeset, 1t 1s feared that the FS 1s stored in scattered areas
and, 1n addition, 1t takes time to read out a file from the disk or
write a file onto the disk because the number of partial areas
cach to be replaced with an alternate area increases.

In order to solve the problems described above, imnventors
of the present mvention have particularly devised informa-
tion-recording apparatus, in which an area for recording an
FS can be allocated 1n a recording medium 1f necessary as a
portion of an area used for recording files even when the FS 1s
updated frequently and/or imnformation 1s added to the FS
frequently, 1f the FS 1s stored 1n scattered areas, pieces of
information stored 1n the scattered areas can be collected 1n a
single area by carrying out an optimization process so that
information can be read out from and written 1nto the record-
ing medium at a high speed, the amount of consumption of a
TDMA (Temporary Defect Management Area) can be
reduced and, 11 1t 1s known from the beginning that logical
write operations are to be carried out frequently, the recording,
medium 1s formatted to set the TDMA at a sulliciently large
s1ze so that the TDMA can be updated frequently, as well as
devised an information-recording method adopted in the
apparatus.

A first mnformation-recording apparatus according to an
embodiment of the present invention includes:

an FS extraction section for extracting a plurality of FSes
from a plurality of FS-recording areas on a recording
medium;

an FS synthesis section for synthesizing the FSes extracted
by the FS extraction section into one FS; and

an FS-recording section for recording the FS produced by
the FS synthesis section as aresult of synthesis into a new area
on the recording medium.

In the first information-recording apparatus,

the FS extraction section includes:

an FS-layer FS extraction section for extracting a plurality

of FSes from a plurality of FS-recording areas on a
plurality of FS layers on a recording medium; and
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a physical-layer FS extraction section for extracting a plu-
rality of FSes from a plurality of FS-recording areas on
a plurality of physical layers on arecording medium, and
the FS synthesis section synthesizes:
FSes extracted by the FS-layer FS extraction section as the
FSes on the FS layers into one FS; and

FSes extracted by the physical-layer FS extraction section

as the FSes on the physical layers into one FS.

A first information-recording method according to an
embodiment of the present invention includes the steps of:

extracting a plurality of FSes from a plurality of FS-record-
ing areas on a recording medium; and

synthesizing the FSes extracted 1n a process carried out at
the FS extraction step into one FS; and

recording the FS produced 1n a process carried out at the FS
synthesis step as a result of synthesis into a new area on the
recording medium.

There 1s provided a first program storage medium for stor-
ing a program readable by a computer for execution to carry
out processing in accordance with an embodiment of the
present invention where the processing includes the steps of:

controlling extraction of a plurality of FSes from a plurality
of FS-recording areas on a recording medium;

controlling synthesis of the FSes extracted 1in a process
carried out at the FS extraction controlling step into one FS;
and

controlling record of the FS produced 1n a process carried
out at the FS synthesis controlling step as a result of synthesis
into a new area on the recording medium.

There 1s provided a first program readable by a computer
for execution to carry out processing in accordance with an
embodiment of the present invention where the processing
includes the steps of:

controlling extraction of a plurality of FSes from a plurality
of FS-recording areas on a recording medium;

controlling synthesis of the FSes extracted 1in a process
carried out at the FS extraction controlling step into one FS;
and

controlling record of the FS produced 1n a process carried
out at the FS synthesis controlling step as a result of synthesis
into a new area on the recording medium.

A second information-recording apparatus according to an
embodiment of the present invention includes:

a determination section for producing a result of determi-
nation as to whether or not a logical overwriting process 1s to
be carried out as a presumption of a process to format a
recording medium;

an area allocation section for allocating an alternation-
information-recording area on the recording medium; and

an area-setting section for setting a TDMA area in the
alternation-information-recording area at a size equal to a
first fraction of the alternation-information-recording area 1f
the result of determination indicates that a logical overwriting,
process 1s to be carried or at a size equal to a second fraction
of the alternation-information-recording area 1if the result of
determination indicates that a logical overwriting process 1s
not to be carried where the second fraction 1s smaller than the
first fraction.

A second mformation-recording method according to an
embodiment of the present invention includes the steps of:

producing a result of determination as to whether or not a
logical overwriting process 1s to be carried out as a presump-
tion of a process to format a recording medium;

allocating an alternation-information-recording area on
the recording medium; and

setting a TDMA area in the alternation-information-re-
cording area at a size equal to a first fraction of the alternation-
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information-recording area 1t the result of determination indi-
cates that a logical overwriting process 1s to be carried or at a
s1ze equal to a second fraction of the alternation-information-
recording area 1i the result of determination indicates that a
logical overwriting process 1s not to be carried where the
second fraction 1s smaller than the first fraction.

There 1s provided a second program storage medium for
storing a program readable by a computer for execution to
carry out processing in accordance with an embodiment of
the present invention where the processing includes the steps
of:

controlling produce of a result of determination as to
whether or not a logical overwriting process 1s to be carried
out as a presumption of a process to format a recording
medium;

controlling allocation of an alternation-information-re-
cording area on the recording medium; and

controlling setting of a TDMA area 1n the alternation-
information-recording area at a size equal to a first fraction of
the alternation-information-recording area 1f the result of
determination 1ndicates that a logical overwriting process 1s
to be carried or at a size equal to a second fraction of the
alternation-information-recording area if the result of deter-
mination indicates that a logical overwriting process 1s not to
be carried where the second fraction 1s smaller than the first
fraction.

There 1s provided a second program readable by a com-
puter for execution to carry out processing in accordance with
an embodiment of the present invention where the processing
includes the steps of:

controlling produce of a result of determination as to
whether or not a logical overwriting process 1s to be carried
out as a presumption ol a process to format a recording
medium;

controlling allocation of an alternation-information-re-
cording area on the recording medium; and

controlling setting of a TDMA area in the alternation-
information-recording area at a size equal to a first fraction of
the alternation-information-recording area 1f the result of
determination indicates that a logical overwriting process 1s
to be carried or at a size equal to a second fraction of the
alternation-information-recording area 1i the result of deter-
mination indicates that a logical overwriting process 1s not to
be carried where the second fraction 1s smaller than the first
fraction.

In accordance with the first information-recording appara-
tus, first information-recording method, first program storage
medium and {irst program according to embodiments of the
present invention, a plurality of FSes 1s extracted from a
plurality of FS-recording areas on a recording medium, the
extracted FSes are synthesized into one FS and the FS pro-
duced as a result of synthesis 1s recorded 1nto a new area on
the recording medium.

In accordance with the second information-recording
apparatus, second information-recording method, second
program storage medium and second program according to
embodiments of the present invention, a result of determina-
tion 1s produced as a result of determination as to whether or
not a logical overwriting process 1s to be carried out as a
presumption of a process to format a recording medium, an
alternation-information-recording area i1s allocated on the
recording medium, and a TDMA area 1s set in the alternation-
information-recording area at a size equal to a first fraction of
the alternation-information-recording area 1f the result of
determination 1ndicates that a logical overwriting process 1s
to be carried or at a size equal to a second fraction of the
alternation-information-recording area if the result of deter-
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mination indicates that a logical overwriting process 1s not to
be carried where the second fraction 1s smaller than the first
fraction.

The information-recording apparatus according to an
embodiment of the present invention can be an independent
apparatus or a block for carrying out an information-record-
Ing process.

In accordance with the present invention, the consumption
of the TDMA can be reduced and information can be read out
from the recording medium or written nto the recording
medium at a higher speed.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and features of the present inven-
tion will become clear from the following description of the
preferred embodiments given with reference to the accompa-

nying diagrams, in which:
FIG. 1 1s an explanatory diagram showing the conventional
processing to update file-system information;

FIG. 2 1s a diagram showing the configuration of an
embodiment implementing a recording/reproduction appara-
tus to which the present invention 1s applied;

FIG. 3 1s a diagram showing the configuration of an
embodiment implementing a recording/reproduction mecha-

nism section employed 1n the recording/reproduction appa-
ratus shown 1n FIG. 2;

FIG. 4 1s a diagram showing an example of group manage-
ment;

FIG. 5 1s a diagram showing the structure of directories
generated by the typical group management shown 1n FIG. 4
as well as files accommodated 1n the directories and also
generated by the group management;

FIG. 6 1s a diagram showing another example of group
management;

FIG. 7 1s a diagram showing the structure of directories
generated by the typical group management shown 1n FIG. 6
as well as files accommodated 1n the directories and also
generated by the group management;

FIG. 8 15 an explanatory diagram showing a procedure for
making an access to a file conforming to a UDF;

FIG. 9 1s an explanatory diagram showing a procedure for
making an access to a file conforming to the UDF;

FIG. 10 1s an explanatory diagram showing a technique of
relocating file-system information at a virtual address;

FIG. 11 1s an explanatory diagram showing a technique of
relocating file-system information at a virtual address;

FIG. 12 1s an explanatory diagram showing a technique of
relocating file-system information at a virtual address;

FIG. 13 1s an explanatory diagram showing a recording
method applied to a BD-R recording medium;

FIG. 14 shows a flowchart referred to in explanation of a
formatting process;

FIG. 15 1s an explanatory diagram showing a process to set
an SA area;

FIG. 16 1s an explanatory diagram showing a process to set
an SA area;

FIG. 17 shows a flowchart referred to in explanation of
write processing carried out by the recording/reproduction
mechanism section shown 1n FIG. 3;

FIG. 18 1s an explanatory diagram showing write process-
ing carried out by the recording/reproduction mechanism
section shown 1n FIG. 3;

FIG. 19 1s an explanatory diagram showing another con-
figuration of the recording/reproduction mechanism section;
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FIG. 20 shows a flowchart referred to in explanation of
write processing carried out by the recording/reproduction
mechanism section shown 1n FIG. 19;

FIG. 21 1s an explanatory diagram showing the write pro-
cessing carried out by the recording/reproduction mechanism
section shown 1n FIG. 19;

FIG. 22 1s an explanatory diagram showing a further con-
figuration of the recording/reproduction mechanism section;

FIG. 23 shows a flowchart referred to 1in explanation of
write processing carried out by the recording/reproduction
mechanism section shown 1n FIG. 22;

FI1G. 24 1s an explanatory diagram showing the write pro-
cessing carried out by the recording/reproduction mechanism
section shown 1n FIG. 22;

FIG. 25 1s an explanatory diagram showing a still further
configuration of the recording/reproduction mechanism sec-
tion;

FIG. 26 shows a flowchart referred to 1n explanation of
write processing carried out by the recording/reproduction
mechanism section shown 1n FIG. 25;

FI1G. 27 1s an explanatory diagram showing the write pro-
cessing carried out by the recording/reproduction mechanism
section shown 1n FIG. 25;

FIG. 28 1s an explanatory diagram showing a still further
configuration of the recording/reproduction mechanism sec-
tion;

FIG. 29 shows a flowchart referred to 1n explanation of
write processing carried out by the recording/reproduction
mechanism section shown 1n FIG. 28;

FIG. 30 1s an explanatory diagram showing the write pro-
cessing carried out by the recording/reproduction mechanism
section shown 1n FIG. 28;

FIG. 31 1s an explanatory diagram showing a still further
configuration of the recording/reproduction mechanism sec-
tion;

FIG. 32 shows a flowchart referred to 1n explanation of
write processing carried out by the recording/reproduction
mechanism section shown 1n FIG. 31;

FI1G. 33 1s an explanatory diagram showing the write pro-
cessing carried out by the recording/reproduction mechanism
section shown 1n FIG. 31;

FI1G. 34 1s an explanatory diagram showing the write pro-
cessing carried out by the recording/reproduction mechanism
section shown 1n FIG. 31;

FIG. 35 shows a flowchart referred to 1n explanation of

alternation-information management processing carried out
by the recording/reproduction mechanism section shown in

FIG. 3;

FI1G. 36 1s an explanatory diagram showing the alternation-
information management processing carried out by the
recording/reproduction mechanism section shown in FIG. 3;

FI1G. 37 1s an explanatory diagram showing the alternation-
information management processing carried out by the
recording/reproduction mechanism section shown in FIG. 3;

FI1G. 38 15 an explanatory diagram showing the alternation-
information management processing carried out by the
recording/reproduction mechanism section shown in FIG. 3;

FIG. 39 shows a tlowchart referred to 1n explanation of an
actual recording process carried out by the recording/repro-
duction mechanism section shown 1n FIG. 3;

FIG. 40 1s an explanatory diagram showing the actual
recording process carried out by the recording/reproduction
mechanism section shown 1n FIG. 3;

FIG. 41 1s an explanatory diagram showing the actual
recording process carried out by the recording/reproduction
mechanism section shown 1n FIG. 3;
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FIG. 42 shows a flowchart referred to 1n explanation of
another actual recording process carried out by the recording/
reproduction mechanism section shown in FIG. 3;

FIG. 43 15 an explanatory diagram showing the other actual
recording process carried out by the recording/reproduction
mechanism section shown 1n FIG. 3;

FIG. 44 shows a flowchart referred to 1n explanation of an
actual recording process, which 1s carried out by the record-
ing/reproduction mechanism section shown in FIG. 3 when a
recording medium 1s mounted on the recording/reproduction
apparatus employing the recording/reproduction mechanism
section;

FIG. 45 1s an explanatory diagram showing the actual
recording process, which 1s carried out by the recording/
reproduction mechanism section shown in FIG. 3 when a
recording medium 1s mounted on the recording/reproduction
apparatus employing the recording/reproduction mechanism
section;

FIG. 46 shows a flowchart referred to 1n explanation of an
S A-setting process carried out by the recording/reproduction
mechanism section shown 1n FIG. 3;

FIG. 47 1s an explanatory diagram showing the SA-setting,
process carried out by the recording/reproduction mechanism
section shown 1n FIG. 3;

FIG. 48 1s an explanatory diagram showing a further con-
figuration of the recording/reproduction mechanism section;

FIG. 49 shows a tlowchart referred to 1n explanation of an
optimization process carried out by the recording/reproduc-
tion mechanism section shown 1n FI1G. 48;

FIG. 50 1s an explanatory diagram showing the optimiza-
tion process carried out by the recording/reproduction
mechanism section shown 1n FIG. 48;

FIG. 51 1s an explanatory diagram showing the optimiza-
tion process carried out by the recording/reproduction
mechanism section shown 1n FIG. 48;

FIG. 52 1s an explanatory diagram showing the optimiza-
tion process carried out by the recording/reproduction
mechanism section shown 1n FIG. 48;

FIG. 53 1s an explanatory diagram showing the optimiza-
tion process carried out by the recording/reproduction
mechanism section shown 1n FIG. 48;

FIG. 54 1s an explanatory diagram showing the optimiza-
tion process carried out by the recording/reproduction
mechanism section shown 1n FIG. 48;

FIG. 55 shows a flowchart referred to 1n explanation of an
area division process carried out by the recording/reproduc-
tion mechanism section shown 1n FIG. 48;

FIG. 56 1s an explanatory diagram showing the area divi-
sion process carrted out by the recording/reproduction
mechanism section shown 1n FIG. 48;

FIG. 57 1s an explanatory diagram showing the area divi-
sion process carrted out by the recording/reproduction
mechanism section shown 1n FIG. 48;

FIG. 58 shows a tlowchart referred to 1n explanation of an
area division process carried out by the recording/reproduc-
tion mechanism section shown in FIG. 48 as a process to
allocate an area to a mirror FS; and

FIG. 59 1s an explanatory diagram showing the area divi-
sion process carrted out by the recording/reproduction
mechanism section shown in FIG. 48 as a process to allocate
an area to a mirror FS.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR.

(L]
By

ERRED

Belore preferred embodiments of the present invention are
explained, relations between disclosed inventions and the
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embodiments are explained in the following comparative
description. It 1s to be noted that, even 11 there 1s an embodi-
ment described 1n this specification but not included 1n the
following comparative description as an embodiment corre-
sponding to an invention, such an embodiment 1s not to be
interpreted as an embodiment not corresponding to an mven-
tion. Conversely, an embodiment included 1n the following
comparative description as an embodiment corresponding to
a specific invention 1s not to be interpreted as an embodiment
not corresponding to an invention other than the specific
invention.

In addition, the following comparative description 1s not to
be interpreted as a comprehensive description covering all
inventions disclosed 1n this specification. In other words, the
tollowing comparative description by no means denies exist-
ence ol inventions disclosed in this specification but not
included 1n claims as mventions for which a patent applica-
tion 1s filed. That 1s to say, the following comparative descrip-
tion by no means denies existence of inventions to be included
in a separate application for a patent, included in an amend-
ment to this specification or added in the tuture.

A first information-recording apparatus according to an
embodiment of the present invention includes:

an FS extraction section (such as an FS-layer optimization
section 431a shown 1n FIG. 48 as a section for carrying a
process at a step S313 of a tlowchart shown 1n FIG. 49 or a
physical-layer optimization section 4315 shown 1in FIG. 48 as
a section for carrying a process at a step S315 of the same
flowchart shown 1n FI1G. 49) for extracting a plurality of FSes
from a plurality of FS-recording areas on a recording
medium;

an FS synthesis section (such as the FS-layer optimization
section 431a shown 1n FIG. 48 as a section for carrying a
process at a step S314 of a tlowchart shown 1n FIG. 49 or the
physical-layer optimization section 4315 shown 1n FI1G. 48 as
a section for carrying a process at a step S316 of the same
flowchart shown 1 FIG. 49) for synthesizing the FSes
extracted by the FS extraction section into one FS; and

an FS-recording section (such as a write section 73 shown
in FIG. 48) for recording the FS produced by the FS synthesis
section as aresult of synthesis into a new area on the recording
medium.

A first information-recording method according to an
embodiment of the present invention includes the steps of:

extracting a plurality of FSes from a plurality of FS-record-
ing areas on a recording medium (such as the step S313 or
S315 of the tlowchart shown 1n FI1G. 49);

synthesizing the FSes extracted in a process carried out at
the FS extraction step 1nto one FS (such as the step S314 or
5316 of the tlowchart shown 1n FI1G. 49); and

recording the FS produced 1n a process carried out at the FS
synthesis step as a result of synthesis into a new area on the
recording medium (such as the step S314 or S316 of the
flowchart shown 1n FIG. 49.)

A second information-recording apparatus according to an
embodiment of the present invention includes:

a determination section (such as an 1nitialization section
62a shown 1n FIG. 3 as a section for carrying out a process at
a step S292 of a flowchart shown 1n FIG. 46) for producing a
result of determination as to whether or not a logical over-
writing process 1s to be carried out as a presumption of a
process to format a recording medium;

an area allocation section (such as the mitialization section
62a shown 1n FIG. 3 as a section for carrying out a process at
a step S291 of the flowchart shown 1n FI1G. 46) for allocating
an alternation-information-recording area on the recording
medium; and

10

15

20

25

30

35

40

45

50

55

60

65

10

an area-setting section (such the an initialization section
62a shown 1n FIG. 3 as a section for carrying out processes at
steps S293 and 5294 of the flowchart shown in FIG. 46) for
setting a TDMA area in the alternation-information-record-
ing area at a size equal to a first fraction of the alternation-
information-recording area 11 the result of determination indi-
cates that a logical overwriting process 1s to be carried or at a
s1ze equal to a second fraction of the alternation-information-
recording area if the result of determination indicates that a
logical overwriting process 1s not to be carried where the
second fraction 1s smaller than the first fraction.

A second mformation-recording method according to an
embodiment of the present invention includes the steps of:

producing a result of determination as to whether or not a
logical overwriting process 1s to be carried out as a presump-

tion of a process to format a recording medium (such as the
step S292 of the flowchart shown 1n FIG. 46);

allocating an alternation-information-recording area on
the recording medium (such as the step S291 of the flowchart
shown 1n FIG. 46); and

setting a TDMA area in the alternation-information-re-
cording area at a size equal to a first fraction of the alternation-
information-recording area 1f the result of determination indi-
cates that a logical overwriting process 1s to be carried or at a
s1ze equal to a second fraction of the alternation-information-
recording area ii the result of determination indicates that a
logical overwriting process 1s not to be carried where the

second Iraction 1s smaller than the first fraction (such as the
steps S293 and S294 of the flowchart shown 1n FIG. 46.)

It 1s to be noted that since a program according to an
embodiment of the present invention 1s a program prescribing
the information-recording method and a program storage
medium according to an embodiment of the present invention
1s a medium used for storing the program, descriptions of the
program and the program storage medium are not given.

FIG. 2 15 a block diagram showing the configuration of an
embodiment implementing a recording/reproduction appara-
tus 1 to which the present invention 1s applied.

A CPU (Central Processing Unit) 11 carries out various
kinds of processing by execution of programs stored in a
ROM (Read Only Memory) 12 or programs loaded from a
storage section 18 into a RAM (Random Access Memory) 13.
The RAM 13 1s also used for properly storing various kinds of

information such as data required 1n execution of the process-
ing and program to be executed by the CPU 11. The CPU 11,

the ROM 12 and the RAM 13 are connected to each other by
a bus 14.

The CPU 11 1s connected to an mput/output interface 15
through the bus 14. The input/output interface 15 1s connected
to an mput section 16 and an output section 17. The input
section 16 includes a keyboard, a mouse and a microphone
whereas the output section 17 includes a display unit and a
speaker. The CPU 11 carries out various kinds of processing,
in accordance with commands entered via the input section
16. Then, the CPU 11 outputs information such as an image
and/or a sound, which are obtained as results of the process-
ing, to the output section 17.

The storage section 18 also connected to the input/output
interface 15 typically includes a hard disk used for storing
programs to be executed by the CPU 11 and data required in
the execution of the programs. A communication section 19
also connected to the mput/output interface 15 1s a unit for
communicating with external information-processing appa-
ratus such as external server by way of a network mainly
represented by the typical network such as the Internet and the
Intranet.
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As described above, the storage section 18 1s used for
storing programs to be read out and executed by the CPU 11
in order to carry out various kinds of processing. Typically,
the programs stored in the storage section 18 include a basic
program referred to as an OS (Operating System ) and device
drivers. The programs stored in the storage section 18 may
also include a program acquired from the network by way of
the communication section 19.

An 1mage/audio codec 20 1s a unit for carrying out a pre-
determined decompression process on an 1image or sound file
and outputting a result of the decompression process to an
external connection I/F (interface) 21 and the output section
17. A file subjected to the decompression process 1s a file read
out by a drive 30 from a magnetic disk 41, an optical disk 42,
a magneto-optical disk 43 or a semiconductor memory 44.
The magnetic disk 41, the optical disk 42, the magneto-
optical disk 43 or the semiconductor memory 44 1s a record-
ing medium mounted on the drive 30 also connected to the
input/output intertace 15. As an alternative, a file subjected to
the decompression process 1s a file read out from a recording,
medium 81 mounted on a recording/reproduction mechanism
section 22 as shown 1 FIG. 3. The file subjected to the
decompression process 1s a file already completing a com-
pression process adopting a predetermined compression
method. In addition, the image/audio codec 20 also com-
presses image and/or sound signals, which are received from
the mput section 16 and the external connection interface 21,
by adoption of a predetermined compression method. The
image/audio codec 20 then outputs a result of the compres-
s1on process to the magnetic disk 41, optical disk 42, mag-
neto-optical disk 43 or semiconductor memory 44 mounted
on the drive 30 or the recording medium 81 mounted on the

recording/reproduction mechanism section 22 as shown in
FIG. 3.

The recording medium 81 mounted on the recording/re-
production mechanism section 22 as shown 1 FIG. 3 1s a
magneto-optical recording medium such as the Blu-ray Disc
(trademark). The recording/reproduction mechanism section
22 writes predetermined information onto the recording
medium 81 and reads out information from the recording
medium 81. It 1s to be noted that a detailed configuration of
the recording/reproduction mechanism section 22 will be
described later by referring to FIG. 3.

When a magnetic disk 41, a optical disk 42, a magneto-
optical disk 43 or a semiconductor memory 44 1s mounted on
the drive 30 also connected to the input/output interface 15,
the drive 30 drives the magnetic disk 41, the optical disk 42,
the magneto-optical disk 43 or the semiconductor memory
44, acquiring a program and/or data from the magnetic disk
41, the optical disk 42, the magneto-optical disk 43 or the
semiconductor memory 44. If necessary, the acquired pro-
gram and/or data 1s then transferred to the storage section 18
to be stored 1n the storage section 18.

Next, the operation of the recording/reproduction appara-
tus 1 shown 1n FIG. 2 15 explained.

When a command entered from the input section 16
requests that input data supplied by way of the external con-
nection mterface 21 be recorded onto the recording medium
81 mounted on the recording/reproduction mechanism sec-
tion 22 as will be described later by referring to FIG. 3, the
CPU 11 controls the image/audio codec 20 by execution of a
program stored 1n the ROM 12, the RAM 13 or the storage
section 18 to compress the mput data 1n accordance with a
predetermined compression method and supply the com-
pressed data to the recording/reproduction mechanism sec-
tion 22 to be recorded onto the recording medium 81.
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When a command entered from the input section 16
requests that data be reproduced from the recording medium
81 mounted on the recording/reproduction mechanism sec-
tion 22, on the other hand, the CPU 11 executes a program
stored 1n the ROM 12, the RAM 13 or the storage section 18
to control the recording/reproduction mechanism section 22
in order to reproduce the data from the recording medium 81
and supply the reproduced data to the image/audio codec 20
and control the image/audio codec 20 in order to decompress
the reproduced data in accordance with a predetermined
decompression method and output the decompressed data to
an external apparatus or the output section 17 for displaying
an 1image of the data and/or generating a sound of the data.

Next, the detailed configuration of the recording/reproduc-
tion mechanism section 22 1s explained by referring to FI1G. 3.

A control section 51 1s a unit for controlling all operations
of the recording/reproduction mechamsm section 22. To be
more speciiic, on the basis of a control signal recerved from
the CPU 11, the control section 51 controls a recording sec-
tion 52 to drive a recording/reproduction block 53 1n order to
record information onto the recording medium 81 or controls
a reproduction section 54 to drive the recording/reproduction
block 53 1n order to read out information from the recording
medium 81.

A file-system information generation section 62 employed
in the control section 51 1s a unit for determining a recording
location on the recording medium 81 on the basis of the
attribute of a file received as input data also including the
attribute and recording the file at the determined recording
location since such files are grouped by the file-system 1nfor-
mation generation section 62 by file attribute. In addition, on
the basis of pieces of information included 1n the input data,
the file-system information generation section 62 also gener-
ates file-system information and supplied the information to
the recording section 352 to be recorded onto the recording
medium 81. The file-system information generation section
62 records file-system information, anchor information and
information on the structure of the volume in either of a user
area and an SA area (Spare Area), which exist on the record-
ing medium 81. An imitialization section 62a employed in the
file-system information generation section 62 1s a unit, which
1s used for setting a recording area and an SA area (or a disk
management area) mcluding a TDMA (Temporary Detfect
Management Area) and an alternate-sector area when the
recording medium 81 1s formatted. When a sector on the
recording medium 81 1s damaged physically, an alternate
sector 1s used as a substitute for the damaged sector, 1nto
which imformation supposed to be recorded 1n the damaged
sector 1s recorded. Even if the physical recording address of
the alternate sector on the recording medium 81 1s different
from the physical recording address of the damaged sector, a
logical address assigned to the recorded information remains
unchanged. Thus, the use of the alternate sector does not
ailfect an operation to record the information into the alternate
sector by using the logical address and an operation to read
out the information from the alternate sector by using the
logical address. In a process to incrementally write informa-
tion 1n a file existing on the disk or update a file already
existing on the disk, the file-system information generation
section 62 employed in the control section 51 controls a write
section 73 to record file-system information, anchor informa-
tion and information on the structure of the volume in an SA
area serving as an alternate area. The TDMA 1s an area, which
1s used for incrementally recorded alternate management
information when an alternate process 1s carried out to renew
data or carried out 1n the event of a detected defect. It 1s to be
noted that, in descriptions by referring to the subsequent
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drawings up to FI1G. 45, the TDMA and the alternate-sector
area are referred to merely as an SA area or an alternate-sector
area. Detailed descriptions including an explanation of the
TDMA are given later with reference to FIG. 46 and subse-
quent figures.

A ile-system 1nformation recognition section 61
employed in the control section 31 1s a unit for reading out
either of main file-system information and mirror file-system
information, which are supplied from the reproduction sec-
tion 54, and reading out a predetermined file on the basis of
this file-system information. To put 1t 1n more detail, the
file-system information recognition section 61 controls a read
section 91 to read out file-system information, information on
the structure of the volume and anchor information from
either the user area or an SA area. It 1s to be noted that, 1n a
process to record information onto the recording medium 81
in the recording/reproduction mechanism section 22 shown
in FI1G. 3, the same file-system information is also recorded at
two locations as main file-system information and mirror
file-system 1nformation respectively 1n a double-information
structure so that, even 11 one of the main file-system informa-
tion and the mirror file-system information 1s damaged due to
some reasons, the remaining one 1n the double-information
structure can still be used. It 1s also worth noting that, in the
tollowing descriptions, the main file-system information and
the mirror file-system information are referred to as amain FS
and a mirror FS respectively.

If a write process 1s a process to renew existing data with
new data, an alternation-information management section 63
stores an original location and an alternate location 1n a
memory 63a for each logical address by associating the loca-
tions with each other 1n the form of a DL (Defect List). A
logical address 1s assigned to every cluster. The original loca-
tion1s a location at which the data to be renewed exists. On the
other hand, the alternate location 1s a replacement location at
which the new data 1s actually recorded.

In a process to record data onto the recording medium 81,
an alternation-information generation section 64 reads out the
DL from the memory 63a employed in the alternation-infor-
mation management section 63 to find out whether or not the
data should be written at an alternate location instead of a
defective original location. If information included on the DL
as information associating an original location with an alter-
nate location at an information granularity corresponding to a
cluster indicates that the data should be written at alternate
locations of contiguous clusters, the alternation-information
generation section 64 replaces the original locations of the
contiguous original clusters on the DL with one original
location and the alternate locations of the contiguous alter-
nate clusters on the DL with one alternate location, recording
the data at the alternate locations of the contiguous clusters as
single data.

If the alternation-information generation section 64 reads
out the DL from the memory 63a employed 1n the alternation-
information management section 63 1n a process to record
data onto the recording medium 81 only to find out that
information included on the DL as information associating an
original location with an alternate location at an information
granularity corresponding to a cluster indicates that the data
should be written at alternate locations of non-contiguous
clusters, on the other hand, the alternation-information gen-
eration section 64 changes a plurality of alternate locations on
the DL to collectthem 1n a single alternate location represent-
ing contiguous clusters and records the data as single data 1n
the contiguous clusters, which are registered as a single entry

on the DL..
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A recording/reproduction block 53 1s a unit controlled by
the write section 73 to physically record information onto the
recording medium 81 and controlled by the read section 91 to
physically reproduce information from the recording medium
81. The recording medium 81 1s a medium onto which infor-
mation can be recorded mechanically, optically, magnetically
or opto-magnetically. The recording medium 81 may be a
medium onto which information can be recorded repeatedly
or only once. Examples of the medium onto which informa-
tion can be recorded repeatedly are a BD-RW (Blu-ray Disc-
Rewritable), a DVD-RW (Dagital Versatile Disc-Rewritable)
and a DVD-RAM (Dagital Versatile Disc-Random Access
Memory). On the other hand, examples of the medium onto
which information can be recorded only once are a BD-R
(Blu-ray Disc-Recordable) and a DVD-R (Dagital Versatile
Disc-Recordable). In addition, the recording medium 81 may
also be a DVD-ROM (Dagital Versatile Disc-Read Only
Memory). The recording medium 81 can be any type of
medium as long as the medium 1s a disk-type recording
medium allowing data to be read out from and data to be
recorded thereon. Accordingly, the recording/reproduction
block 53 can be any type of umit capable of reproducing data
from such arecording medium 81 and recording data thereon.

An ECC encoding section 71 1s a unit for adding an error
correction code to an input, encoding the mput and the addi-
tional error correction code and outputting a result of the
encoding process to a modulation section 72. The modulation
section 72 1s a unit for modulating data received from the ECC
encoding section 71 and outputting a result of the modulation
process to the write section 73. The write section 73 1s a umit
for carrying out a write process to supply data recerved from
the modulation section 72 to the recording/reproduction
block 53 for recording the data onto the recording medium 81.

The read section 91 employed 1n the reproduction section
54 1s a umt for reading out information recorded on the
recording medium 81. A demodulation section 92 employed
in the reproduction section 34 1s a umit for demodulating data
read out by the read section 91 from the recording medium 81
and outputting the result of the demodulation process to an
ECC decoding section 93 employed 1n the reproduction sec-
tion 34. The ECC decoding section 93 1s a unit for splitting
data recerved from the demodulation section 92 1nto an ordi-
nary file and file-system information and outputting the ordi-
nary file as output data and the file-system information to the
control section 51. The ordinary file typically contains AV
(Audio Visual) stream data.

By referring to FIG. 4, the following description explains a
management structure of input-data files, which are grouped
and managed by the file-system information generation sec-
tion 62 employed 1n the control section 51. It 1s to be noted
that files are recorded on the recording medium 81 basically
in a UDF format. Thus, in accordance with the management
structure described below, files are recorded on the recording
medium 81 1n the UDF format.

FIG. 4 1s a diagram showing a typical case of managing a
variety of data files in a process of recording AV stream data
onto a recording medium allowing data already recorded
thereon to be renewed. The management structure conforms
to the management structure of the specifications of the Blu-
ray Disc Rewritable (trademark). To put 1t in detail, the man-
agement structure conforms to the management structure of
the specifications of the Blu-ray Disc Rewritable (trademark),
but the recording format 1s the UDF format. In the example
shown 1n FIG. 4, three layers are shown. The three layers are
a content management layer existing on the top of the figure
to be followed sequentially by a play-list layer and a clip
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layer. It 1s to be noted that this management structure 1s also
applicable to the Blu-ray Disc Recordable (trademark).

In the management structure shown in the figure, a play-list
management table 111 and a thumbnail management table
112 pertain to the content management layer whereas play
lists 113-1 to 113-3 pertain to the play-list layer. By the same
token, pieces of clip information 121-1 to 121-3 pertain to the
clip layer. It 1s to be noted that, 1n the following description,
the play lists 113-1 to 113-3 are each referred to merely as a
play list 113 11 1t 1s not necessary to distinguish the play lists
113-1 to 113-3 from each other. By the same token, the pieces
of clip information 121-1 to 121-3 are each referred to merely
as clip information 121 11 1t 1s not necessary to distinguish the
pieces of clip information 121-1 to 121-3 from each other.
This representation using a generic reference numeral applies
to each plurality of any other similar management-structure
items.

The file of an AV stream 131 and the file of clip information
121 can be combined to particularly form a clip since the file
of clip information 121 has an attribute of an AV stream. An
example of the AV stream 131 1s MPEG-TS (Moving Picture
Experts Group-Transport Stream). The file of an AV stream
131 1s thus a file having a structure of multiplexed information
including video information, audio information and captions.
In addition, 1n some cases, the multiplexed information of an
AV stream 131 may include a command for controlling a
reproduction process. The figure shows a case 1n which the
AV stream 131 includes such a command 1n the multiplexed
information.

Aplaylist113 for a clip has a structure including a plurality
of play items each to be referenced by using a reproduction
start point and a reproduction end point, which define a spe-
cific range of the clip. Thus, aplay list 113 provides a function
to continuously reproduce a plurality of reproduction
sequences. The play-list management table 111 1s a table
showing a list of play lists 113 to the user. On the other hand,
the thumbnail management table 112 1s a table to be used in a
thumbnail display function. The thumbnaill management
table 112 shows thumbnail files 141-1 and 141-2 as well as
thumbnail files 151-1 and 151-2.

A pair of an AV stream 131 and the attribute thereof 1s
regarded as an object, which 1s referred to as a clip. The
attribute of an AV stream 131 1s the clip information 121
mentioned earlier. The file of an AV stream 131 1s referred to
as an AV-stream file.

In general, a file used 1n apparatus such as a computer 1s
treated as an array of bytes. The content of an AV stream 131
1s spread along the time axis. An access point of clip infor-
mation 121 1n an AV stream 131 1s mainly specified by using,
a timestamp. With a play list 113 giving a timestamp as the
timestamp of an access point of a clip corresponding to the
play list 113, the clip information 121 corresponding to the
play list 113 1s used for ﬁndlng out an address at which a
process to decode the stream 1n the AV stream 131 1s to be
started. The address 1ndicates the location of a byte on the
stream.

A play list 113 1s a list introduced for the purposes of
allowing the user to find out a reproduction range of a clip
corresponding to the play list 113 as a range that the user
wants to view and allowing such reproduction ranges to be
edited with ease. A play list 113 1s a collection of reproduction
ranges 1n a clip corresponding to the play list 113. A repro-
duction range of a clip 1s referred to as a play item, which 1s
represented by IN and OUT points on the time axis. Thus, a
play list 113 is a collection of play 1tems.

In the example shown 1n FIG. 4, files are divided 1nto
groups 1n accordance with their usage/updating frequencies
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and the maximum total size of files pertaining to a group as
tollows. The play-list management table 111, the thumbnail
management table 112 and the play lists 113 are put 1n group
1 whereas the pieces of information 121 are put 1n group 2.
Menu thumbnail files 141-1 and 141-2 are put in group 3
whereas mark thumbnail files 151-1 and 151-2 are put in
group 4.

The files grouped as described above contain management
data required 1n a process to reproduce an AV stream 131. By
collecting pieces of management data 1n a file grouped as
described above, the management data can be read out fast.
As a result, the AV stream data can be reproduced at a high
speed.

In the typical example described above, files of manage-
ment data for an AV stream 131 are grouped. It 1s to be noted
that files not defined 1n the specifications of the Blu-ray Disc
Rewritable can also be grouped. For example, group X 1s
defined as a group for accommodating files 161-1 and 161-2
different from the files of management data for AV streams
131 shown 1n the figure. It 1s also worth noting that the figure
shows files 171-1 and 171-2 pertaining to none of the groups.
In addition, since the AV streams 131 are not management
data, the AV streams 131 are not grouped.

FIG. 5 15 a diagram showing a typical structure of directo-
rics for BDAV (Blu-ray Disc Audio Visual) information
recorded on the recording medium 81 as information defined
by a Blu-ray Disc Rewritable Format (BD-RE). It 1s to be
noted that directories other than those shown 1n the figure can
be created under a root directory shown in the figure. How-
ever, such other directories are 1gnored 1n a recording process
conforming to the UDF format. The directory structure

shown 1n FIG. 5 1s also applicable to a BD-R (Blu-ray Disc
Recordable).

As shown 1n the figure, the root directory includes only one
directory named BDAYV.

Allfiles and directories included in the BDAYV directory are
files and directories prescribed by a BDAV application for-
mat. In addition, the BDAV directory also includes directory
described as follows.

A PLAYLIST directory 1s a directory, which includes data-
base files of play lists 113. This directory 1s set as an empty
directory even 1f play lists 113 do not exist at all.

A CLIPINF directory 1s a directory, which includes data-
base files of clips. This directory 1s set as an empty directory
even 1f clips do not exist at all.

A STREAM directory 1s a directory, which includes AV
stream {iles. This directory 1s set as an empty directory even 1f
AV stream {iles do not exist at all.

A BACKUP directory 1s a directory, which includes
backup files of files pertaining to groups 1 and 2. This direc-
tory 1s set even 1f the files pertaining to groups 1 and 2 do not
exist at all.

The play list files included 1n the PLAYLIST directory are
files of one of 2 types, 1.e., Real PlayList and Virtual PlayList.
In the example shown 1n FIG. 5, files 11111 .rpls of the Real
PlayList type and 22222 .vpls of the Virtual PlayList type are
recorded. In general, a file named xxxxx.rpls 1s used for
storing information on a Real PlayList and created for every
play list. Notation xxxxx in the file name xxxxx.rpls 1s a
S-digit number where each digit can be any integer in the
range 0 to 9.

On the other hand, a file named yyyyy.vpls 1s used for
storing 1nformation on a Virtual PlayList and created for
every play list. Notation yyyyy 1n the file name yyyyy.vpls 1s
a 5-digit number where each digit can be any integer 1n the
range 0 to 9.
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A Real Playlist for a clip 1s regarded as a file sharing a
stream portion of the clip being referenced. That 1s to say, a
Real Playlist occupies a disk area with a data storage size
corresponding to the AV stream portion of a clip being refer-
enced. When an AV stream 1s recorded as a new clip, a Real
Playlist1s generated as a play list referencing the reproducible
range of the entire clip. If a portion of the reproduction range
of a Real Playlist is deleted, the data of the clip stream portion
referenced by the deleted portion 1s also deleted as well.

On the other hand, a Virtual Playlist for a clip 1s regarded as
a file sharing no data of the clip. Thus, even it a Virtual Playlist
1s changed or deleted, the clip does not change at all. It1s to be
noted that, 1n the description of this specification, the Real
Playlist and the Virtual Playlist are both referred to as a play
l1st.

The CLIPINF directory includes a file for every AV stream
file. In the example shown 1n FIG. 5, the files included 1n the
CLIPINF directory are files named 01000.clpr and
02000.clp1.

Afile named zzzzz.clpiis clip information 121 correspond-
ing to an AV stream 131. Notation zzzzz in the file name
zzzzz.clp1 1s a 5-digit number where each digit can be any
integer 1n the range 0 to 9.

As described above, the STREAM directory 1s a directory,
which includes AV stream files. In the example shown 1n FIG.
5, the files included 1n the STREAM directory are files named
01000.m2ts and 02000.m2ts.

In general, a file named zzzzz.m2ts 1s the file of an AV
stream 131. Notation zzzzz 1n the file name zzzzz.m2ts 1s a
S-digit number where each digit can be any integer 1n the
range 0 to 9. It 1s to be noted that the clip information 121
corresponding to an AV stream 131 1s stored 1n a file having
the same 5-digit family name zzzzz as the file name given to
the file for storing the AV stream 131.

In addition, the BDAV directory also includes files named
menul .tdt and menu2.tdt for the thumbnail files 141-1 and
141-2 respectively as direct subordinates to the BDAV direc-
tory. Furthermore, the BDAV directory also includes files
named mark].tdt and mark?2.tdt for the thumbnail files 151-1
and 151-2 respectively as direct subordinates to the BDAV
directory. Moreover, as direct subordinates to the BDAV
directory, the BDAV directory also includes a file named
info.bdav for the play-list management table 111 as well as
files named menu.tidx and mark.tidx for the thumbnail man-
agement table 112.

On top of that, the root directory also includes directories
named DATA1 and DATAZ2 as direct subordinates to the root
directory. The DATA1 directory accommodates Filel.dat,
File2.dat, etc corresponding to respectively the files 161-1,
161-2, etc. On the other hand, the DATA2 directory accom-
modates FileA.dat, FileB.dat, etc corresponding to respec-
tively the files 171-1, 171-2, eftc.

The files and the directories managed under the directory
shown 1n FIG. 5 are put in groups shown in FIG. 4 as follows.
The files named menul .tdt and menu?2.tdt as files correspond-
ing to the thumbnail files 141-1 and 141-2 respectively per-
tain to group 3. The files named mark]1.tdt and mark?2.tdt as
files corresponding to the thumbnail files 151-1 and 151-2
respectively pertain to group 4. The file named info.bdav for
the play-list management table 111, the files named
menu.tidx and mark.tidx for the thumbnail management table
112 as well as the files named 11111.rpls and 22222 .vpls as
files accommodated 1n the PLAYLIST directory pertain to
group 1. The files named 01000.clp1 and 02000.clp1 as files
accommodated 1n the CLIPINF directory pertain to group 2.

As described above, files other than those managed by
using the BDFS are put 1n group X. In the example shown in
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FI1G. 5, the other files are the files named Filel.dat and
File2.dat in the DATA1 directory as files corresponding to the
files 161-1 and 161-2 respectively.

FIGS. 4 and 5 show management structures for grouping of
files recorded on the recording medium 81 1n accordance with
the UDF format and on the basis of the specifications of the
Blu-ray Disc Rewritable, which 1s a recording medium allow-
ing data recorded thereon to be rewritten. By referring to
FIGS. 6 and 7, the following description explains typical
management structures (or a typical logical format) for
grouping of files recorded on the recording medium 81 on the
basis of the specifications of the Blu-ray Disc ROM, which 1s
a read-only recording medium. FIG. 6 1s a diagram showing a
typical case of recording an HD (High Density) movie con-
tent.

It 1s to be noted that, in the example shown 1n FIG. 6, play
lists 221-1 to 221-3, pieces of clip information 231-1 to
231-3, AV streams 232-1 to 232-3, files 251-1 and 251-2 as
well as files 261-1 and 261-2 are 1dentical to respectively the
play lists 113-1 to 113-3, the pieces of clip information 121-1
to 121-3, the AV streams 131-1 to 131-3, the files 161-1 and
161-2 as well as the files 171-1 and 171-2 shown 1n FIG. 4.

Thus, descriptions of them are not given.

As shown 1n FIG. 6, two layers exist over the play lists 221
and the pieces of clip information 231. One of the layers 1s a
layer for accommodating reproduction programs (or movie
objects)221-1and 221-2. The other layer 1s alayer for accom-
modating titles 201 and 202. The reproduction program (or
the movie object) 211 provides programmable functions,
which are required for presentation ol an HD movie content.
The functions include a function to specily a play list to be
reproduced, a function to respond to an operation carried out
by the user, a function to jump from the title 201 to the title
202 or vice versa and a function to carry out a branch in a
reproduction sequence.

The titles 201 and 202 are each used as an index, which can
berecognized by the user as an index for starting reproduction
ol a content corresponding to the title. The titles 201 and 202
cach have a configuration for specifying one movie object to
be executed. In addition to ordinary titles, there are also a title
to be reproduced automatically at an 1nitial time and a title
used for displaying a menu.

Application programs 203 and 204 are each a program for
executing a game, which 1s an extension application, and a
web content. The application programs 203 and 204 activate
and execute reproduction programs (or reproduction objects)
212-1 and 212-2. The reproduction program 212 can be a
program using a play list or a program not using a play list. In
addition, the reproduction program 212 1s capable of refer-
encing any arbitrary image file 241, audio file 242 and data
file 243 1n the application programs 203 and 204.

It1s possible to add more titles to the titles 201 and 202 each
showing an HD movie content and more applications to the
applications 202 and 203. As amatter of fact, others 205 in the
example shown in FIG. 6 represent the additional titles and
applications. In addition, the titles and the applications are
recorded on the recording medium 81 1n a state of being
mixed with each other. FIG. 6 shows this state of mixing the
titles and the applications with each other.

Also 1n the example shown 1n FIG. 6, files are divided into
groups 1n accordance with their usage/updating frequencies
and the maximum total s1ze of files pertaining to a group inthe
same way as the grouping shown in FIG. 4. To put 1t con-
cretely, the titles 201 and 202, the applications 203 and 204,
the others 205, the reproduction programs 211-1, 211-2,
212-1 and 212-2 as well as the play lists 221-1 to 221-3 are put
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in group A. The pieces of clip information 231 are put 1n
group B. The image files 241, the audio files 242 and the data
files 243 are put 1n group C.

It 1s to be noted that groups A, B and C shown 1n FIG. 6 are
provided and named differently from each other only for the
sake of convenience in the same way as groups 1, 2, 3 and 4
shown 1n FIG. 4. Also 1n this case, each of the groups means
a set of files to be processed 1n the same way as those shown
in FIG. 4.

FI1G. 7 1s a diagram showing a typical structure of directo-
ries for BDMYV (Blu-ray Disc Movie) information recorded
on the recording medium 81 as information defined by a
Blu-ray Disc ROM Format (BD-ROM). It 1s to be noted that
directories other than those shown 1n the figure can be created
under a root directory shown 1n the figure. However, such
other directories are 1ignored 1n a recording process conforms-
ing to the UDF format.

As shown 1n the figure, the root directory includes only one
directory named BDMV.

All files and directories included 1n the BDMYV directory
are files and directories prescribed by a BDMYV application
format. In addition, the BDMYV directory also includes direc-
tory described as follows.

A PLAYLIST directory 1s a directory, which includes data-
base files of play lists 221. This directory 1s set as an empty
directory even 1if play lists 221 do not exist at all.

A CLIPINF directory 1s a directory, which includes data-
base files of clips. This directory 1s set as an empty directory
even 1f clips do not exist at all.

A STREAM directory 1s a directory, which includes AV
stream {iles. This directory 1s set as an empty directory even 1f
AV stream files do not exist at all.

A BACKUP directory 1s a directory, which includes
backup files of files pertaining to groups A and B. This direc-
tory 1s set as an empty directory even 1f the files pertaining to
groups A and B do not exist at all.

In the example shown m FIG. 7, files 11111.rpls and
22222 rpls are accommodated 1in the PLAYLIST directory. In
general, a file named xxxxx.rpls 1s used for storing informa-
tion on a Movie PlayList and created for every play list.
Notation xxxxx 1n the file name xxxxx.rpls 1s a S-digit num-
ber where each digit can be any integer in the range 0 to 9.

The CLIPINF directory includes a file for every AV stream
file. In the example shown 1n FIG. 7, the files included 1n the
CLIPINF directory are files named 01000.clpt and
02000.clp1.

Afile named zzzzz.clpiis clip information 231 correspond-
ing to an AV stream 232. Notation zzzzz in the file name
zzzzz.clp1 1s a 5-digit number where each digit can be any
integer 1n the range 0 to 9.

As described above, the STREAM directory 1s a directory,
which includes AV stream files. In the example shown 1n FIG.
7, the files included in the STREAM directory are files named
01000.m2ts and 02000.m2ts.

In general, a file named zzzzz.m2ts 1s the file of an AV
stream 232. Notation zzzzz 1n the file name zzzzz.m2ts 1s a
S-digit number where each digit can be any integer in the
range O to 9. It 1s to be noted that the clip information 231
corresponding to an AV stream 232 1s stored 1n a file having
the same 5-digit family name zzzzz as the file name given to
the file for storing the AV stream 232.

In addition, the BDMYV directory also includes files Unit-
_Key_Gen_Value.ant and CPS_CCl.inf related to copy con-
trol as direct subordinates to the BDMYV directory. Further-
more, direct subordinates to the BDMYV directory also include
a file named index.bdmv serving as a title management table.
Moreover, direct subordinates to the BDMYV directory also
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include a file named MovieObject.bdmv serving as a repro-
duction-program management table.

On top of that, the root directory also includes directories
named Resource, DATA1 and DATA2 as direct subordinates
to the root directory. These directories are not mandatory
directories 1n the Blu-ray Disc ROM format. Instead, these
directories are merely added as typical directories each used
for storing extension data, which 1s necessary in dependence
on the substance of the content. The Resource directory 1s a
directory used for accommodating the image file 241 named
Image.jpg, the audio file 242 named Audio.pcm and the data
file 243 named Jimaku.txt. The image file 241, the audio file
242 and the data file 243 are files managed by including them
in group C. The DATA1 directory accommodates Filel.dat,
File2.dat, etc corresponding to respectively the files 251-1,
251-2, etc. On the other hand, the DATA2 directory accom-
modates FileA.dat, FileB.dat, etc corresponding to respec-
tively the files 261-1, 261-2, etc.

The files and the directories managed under the directory
shown 1n FI1G. 7 are put in groups as follows. The files named
Unit_Key_Gen_Valueant, CPS_CCl.inf, index.bdmv and
MovieObject.bdmv pertain to group A. Files accommodated
in the PLAYLIST directory as the files named. 11111.mpls
and 22222 .mpls also pertain to group A. Files accommodated
in the CLIPINF directory as the files named 01000.clp1 and
02000.clp1 pertain to group B. Files accommodated 1n the
Resource directory as the files named Image.jpg, Audio.pcm
and Jimaku.txt pertain to group C.

As described above, files other than those managed by
using the groups described above are put 1n group X. In the
example shown 1n FIG. 7, the other files are the files named
Filel.dat and File2.dat in the DATA1 directory as files corre-
sponding to the files 251-1 and 2351-2 respectively.

Next, before explaining a recording process according to
an embodiment of the present invention, a procedure for
making an access to a file 1n the conventional UDF 1s
described by referring to FIGS. 8 and 9.

FIG. 8 1s a diagram showing a typical volume structure of
the UDF. FIG. 9 1s a diagram showing the contents of a File
Structure and Files. In particular, the following description
explains an access to root/ BDMV/Unit_Key_Gen_Value.inf
shown 1n FIG. 9.

The volume structure shown 1n FIG. 8 includes informa-
tion on a logical volume and information on the analysis start
point of each {file structure recorded in a partition. It 1s to be
noted that, in the volume structure shown in FIG. 8, the
left-most column 1s an LSN (Logical Sector Number) col-
umn. On the right side of the LSN column, there 1s a structure
column, which 1s followed by a descriptors column. The
right-most column 1s an LBN (Logical Block Number) col-
umn. In the file structure shown in FIG. 9, the left-most
column 1s an LBN column, the middle column 1s a structure
column and right-most column 1s a descriptors column.

An address 1n a volume 1s referred to as an LSN (Logical
Sector Number) and an address 1n a partition 1s referred to as
an LBN (Logical Block Number). If a plurality of partitions
exists 1n the volume, information on the partitions can be
recorded 1n a logical volume descriptor.

It1sto benoted that FIGS. 8 and 9 show only 1tems required
in processing. That 1s to say, 1items not required 1n processing
are not described.

First of all, reference numeral (1) in the volume structure
shown 1n FI1G. 8 denotes anchor information for Anchor-1 on
the structure column. The information on this anchor 1s
referred to as an Anchor Volume Descriptor Pointer to be
analyzed to obtain the position of a Volume Descriptor
Sequence denoted reference numeral (2). In the volume struc-
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ture, this anchor mformation 1s provided at a location indi-
cated by an LSN of 256. As described above, reference
numeral (2) denotes a Volume Descriptor Sequence indicated
by LSNs of 32 to 47 as a sequence on the structure column.
The Volume Descriptor Sequence corresponds to 1tems on the
descriptors column. These 1tems on the descriptors column
are a Primary Volume Descriptor, an Implementation Use
Volume Descriptor, a Partition Descriptor, a Logical Volume
Descriptor, an Unallocated Space Descriptor, a Terminating
Descriptor and Trailing Logical Sectors. The Primary Volume
Descriptor 1s information identifying the volume. The Imple-
mentation Use Volume Descriptor 1s information indicating,
compatibility. The Partition Descriptor 1s information on par-
titions. The Logical Volume Descriptor 1s information show-
ing the position of a logical partition. The Unallocated Space
Descriptor 1s information indicating an unused area. The Ter-
minating Descriptor 1s information showing the last position
in the area. The Trailing Logical Sectors 1s information on a
remaining area.

In the volume structure shown in FIG. 8, reference numeral
(3) denotes the Logical Volume Descriptor, which 1s provided
at a location indicated by an LSN o1 33. The Logical Volume
Descriptor describes the position of a Logical Volume Integ-
rity Sequence, the position of a target partition and the posi-
tion of a File Set Descriptor 1nside the partition.

The position of a Logical Volume Integrity Sequence 1s the
position of a Logical Volume Integrity Sequence denoted by
reference numeral (4) and provided at a location 1ndicated by
an LSN of 48. The Logical Volume Integrity Sequence 1s a
sequence to be analyzed to check the matching of the infor-
mation on the volume. If there 1s no matching problem, the
contents of a partition for the File Structure and Files are
analyzed. The File Structure and Files are an 1tem denoted by
reference numeral (5) and provided at a position indicated by
L.SNs of 272 to (272Nall-272). A sequence represented by
arrows between relference numerals (1) to (5) mentioned
above 1s the sequence of a procedure for starting to make an
access to the target partition.

The File Set Descriptor mentioned above 1s a File Set
Descriptor denoted by reference numeral (11) and provided at
a position indicated by an LBN of (A+1) in the structure
shown in FIG. 9. The File Set Descriptor 1s information on the
root. Thus, by analyzing the information on the root, the
position of the root-directory file entry denoted by reference
numeral (12) and provided at a position indicated by an LSN
of (A+3) can be obtained. In the figure, the file entry of the
root directory 1s referred to as an FE (Root Directory).

Then, the root-directory file entry denoted by reference
numeral (12) and provided at a position indicated by an LBN
of (A+3), that 1s, a file entry referred to as an FE (Root
Directory) in the figure, 1s analyzed to obtain root-directory
information stored at a location indicated by an LBN of
(A+4). Then, an FID (File Identifier Descriptor) of the
BDMYV directory 1s analyzed to obtain the position of a
BDMV-directory FE (file entry) denoted by reference
numeral (14) and provided at a position indicated by an LBN
of (A+5). The FID of the BDMYV directory 1s information
included 1n the information on the root directory and denoted
by reference numeral (13). In the figure, the file entry of the
BDMYV directory 1s referred to as an FE (BDMV).

Subsequently, the BDMV-directory FE (file entry) denoted
by reference numeral (14) 1s analyzed to obtain a location
indicated by an LBN of (A+9) as a location used for storing
information on the BDMYV directory.

Then, the information on the BDMYV directory 1s obtained.
Subsequently, the File Identifier Descriptor of Unit_Key-
_Gen_Value.int accommodated in the BDMYV directory and
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denoted by reference numeral (135) 1s analyzed to obtain the
position of the file entry of Umit_Key_Gen_Value.ant. Then,
the file entry of Unit_Key_ Gen_Value.nf 1s analyzed to
obtain a location used for recording data of Unit_Key_Gen-
_Value.ant. The file entry of Unit_Key Gen_Value.inf 1s
denoted by reference numeral (16). The location used for
recording data of Unit_Key_Gen_Value.int 1s the address of
the data of Umit_Key_ Gen_Value.inif. Subsequently, an
access to the address 1s made to get the desired data. A
sequence represented by arrows between reference numerals
(11) to (17) mentioned above 1s the sequence of a procedure
for obtaining the data of root/BDMV/Unit_Key_Gen_Val-
ue.1nf.

I a metadata partition introduced by UDFE2.50 1s used, the
File Set Descriptor denoted by reference numeral (11), the
root-directory FE (file entry) denoted by reference numeral
(12), the BDMV-directory FID (File Identifier Descriptor)
denoted by reference numeral (13), the BDMV-directory FE
(file entry) denoted by reference numeral (14), the FID (File
Identifier Descriptor) of Unit_Key Gen_Value.inf accom-
modated 1n the BDMYV directory and denoted by reference
numeral (135) and the file entry of Unit_Key_Gen_Value.inf
accommodated in the BDMYV directory and denoted by ret-
erence numeral (16) are relocated in the metadata partition by
using logical addresses.

The location used for recording the metadata partition can
be obtained from the file entry of the metadata file. By storing
the data of the metadata partition in a memory, 1t 1s possible to
avold operations to read out three pieces of information, 1.e.,
a file identifier descriptor, a file entry and information on a
directory, from the recording medium every time the direc-
tory 1s changed to one at a lower level 1n a process to make an
access to a file accommodated in a directory of a multi-layer
structure. This 1s because, from the data of the metadata
partition, information necessary for reading out a file from the
recording medium can be obtained and analyzed.

By referring to FIGS. 10 to 12, the following description
explains a technique of relocating file-system information at
a virtual address.

The file-system 1information 1s relocated as a metadata file
at a location 1dentified by an address 1n an ordinary physical
partition used 1n a file system. Virtual addresses are assigned
to the contents of a metadata file with a virtual address of O
corresponding to the beginning of a partition. Metadata infor-
mation 1s constructed in a format referencing the virtual
addresses 1n the metadata partition.

That 1s to say, by using virtual addresses 1n the metadata
file, 1t 1s possible to trace (read out) pieces of information
including the File Set Descriptor denoted by reference
numeral (11), the root-directory FE (file entry) denoted by
reference numeral (12), the BDMV-directory FID (File Iden-
tifier Descriptor) denoted by reference numeral (13), the
BDMV-directory FE (file entry) denoted by reference
numeral (14), the FID (File Identifier Descriptor) of Unait-
_Key_Gen_Value.inf accommodated in the BDMYV directory
and denoted by reference numeral (15) and the file entry of
Unit_Key_Gen_Value.ant accommodated in the BDMV
directory and